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Roe Mach=0.1
PRESSURE : MIN=71.0920 MAX=73.5269
VFRoe Mach=0.1
PRESSURE : MIN=71.0920 MAX=73.5254
Godunov Mach=0.1
PRESSURE : MIN=71.0919 MAX=73.5208
Roe Mach=0.01
PRESSURE : MIN=7138.78 MAX=7159.35
VFRoe Mach=0.01
PRESSURE : MIN=7138.78 MAX=7159.35
Godunov Mach=0.01
PRESSURE : MIN=7138.78 MAX=7159.35
Roe Mach=0.001
PRESSURE : MIN=714244 MAX=714446
VFRoe Mach=0.001
PRESSURE : MIN=714244 MAX=714446
Godunov Mach=0.001
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VFRoe-Turkel Mach=0.1
PRESSURE : MIN=71.2412 MAX=71.9025
VFRoe-Turkel Mach=0.01
PRESSURE : MIN=7142.67 MAX=7143.33
VFRoe-Turkel Mach=0.001




























































zikuanxu©nvz~jb-wyprs|p{io7n|uPn|mk~jz{iozes|¥:¦§s } lauasq¨6z{^acﬃb-cxÉ#ª¸c^n±¨vc-c*y^aik¬ai³prc } pr^acb-cﬃ^nxuaiozb p{^n|pﬁwarc¨xcﬃuBprz§p{^ikzp~Bw=c
sx¥:n|wawars±yitb7n|p{iksxu>p{ssxb-walyprcuacRn|iku*svb-wa{cRz{z{ik¬amtc¶sqªz­]_^acp{rsxla¬mtcsxb-cﬃz¥¹{svb pr^ac¥Mnv0ppr^nqpp{^acituBp{cﬃ¥Mnv*c
warcﬃzrz{la{csxb-walyprc } ¬j~pr^acﬁŁ'ikcb7n|uu8z{sxmk¨xcﬃ*svuvpn|ikuz'warcﬃzrz{la{c§¶lP0p{lPnqp{iksxuPz's|¥sx } c:Hnx^8c¨vcu8i³¥pr^acikuai³priknxm } n|prn
pr^nqp } c*Àuacp{^ac§Ł'itcﬃb7n|uau-warsx¬amkcb *svuBprn|ikug¶l*p{ln|p{iksxuzpr^nqp¸z{ﬃn|mkc'ª'i³pr^-p{^ac§z{·Blnx{c_s|¥Epr^acnv^gujlab¬Pcﬃﬃ­]_^aioz$¥Mnv0p
ioz } ccﬃwamt~7mkikuPAxc } p{sp{^c¬=c^n±¨jiksx¸s|¥»pr^acezsvmtlypritsvuzµs|¥»pr^ac H lamkc_cﬃ·Bln|p{iksxuz¸nqp_mtsqª[Hnx^ujlab¬Pcﬃ$it¥»pr^acikuaitp{ion|m } n|prn
nx{cus|pª¸cmkmJwa{cﬃwn|rc } Éap{^cuHiku>n }a} itp{iksxu8p{sp{^acituP*sxb-warcﬃzrz{it¬amkcﬁsxb-wPsvuacuBpRÉpr^acgz{sxmklypritsvuzsx¥$p{^ac H lamkc§cﬃ·Blnqpritsvuz
sxuBprnxitu©n|mozs8n|u6c*jpr{cﬃbgcﬃmt~H¥Mnxzpnv*svlzprikwnxpR­-]_^ikznv*sxlPzprikwn|{pikzsxb-walyprc } ¬j~p{^ac } ikzr*rc*prc-zr^acﬃbgcp{^Pnqprc 




ÉEp{^ikzez{i³prlnqpritsvu>nxu¬=cgsxuBp{rsxmkmkc } ¬j~b-s } i³¥¹~jikuap{^acgujl
b-crion|m=¶lajcRz¸ª'i³pr^pr^ace^acmkwsx¥#warcﬃsxu } itp{iksxuituap{cR^auaio·Blacﬃzﬃ­´8sxrcz{wPcR*itÀPnxmtmk~xÉyª¸c§wa{svwPsBzc:p{s7^nxuaxc:p{^acesxrikxikun|m
Ł'ikcb7nxuauHwarsx¬amkcb ¬j~n




monqp{p{cﬃnxz{cxÉyª¸cz^asqª ¬Psxp{^p{^acﬃsxrc*prikﬃn|mkmt~nxu } uBlbgcﬃ{ionxmtmk~-p{^Pnqp'p{^czsvmtlypritsvusx¥#pr^acwarcﬃ*svu } itp{iksxuac } Łitcﬃb-nxuau9wa{sv¬
mkcbﬂwPsBz{z{cﬃzrzcRz¸wa{cRz{z{larc:¶Pl0prlnqpritsvuz's|¥p{^acsxr{cR0p_b7n|xui³prl } cx­






n|rcﬁn|¬amkcprs } cRn|m#ª'itp{^Hp{^acgzikuaxlmknx{itp~sx¥p{^ac H lamkc§cﬃ·Blnqpritsvuz





































































: + +-I ! I ! :T.1 "
 
<  3
:crc>nxzitu[z{cﬃ*p{iksxu É'ªµc6*sxuPzi } cp{^ac>mtikb-i³p8zsvmtlypritsvus|¥pr^ac>Ł'ikcb7nxuauwarsx¬amkcb
J








K0Éap{^acﬁz{sxmklypritsvu8n|¥ùp{cﬃ:sxucp{ikb-cﬁzprcwHsxuBprnxituzwa{cRz{z{larcª¸n±¨vcﬃz_sx¥sv } c  |­




K0ÉEiO­ cgªµcg^n±¨vcﬁprs9sxuz{i } cp{^ac7nvzcgª'^acﬃ{c
pr^acikuaitp{ion|m } n|prnﬁnxm³pr^asxlx^zp{ikmtm¿^nxrnv0p{cﬃ{i Qc } ¬B~7nﬁmtsqª[nv^ujlabﬁ¬=c_n|rcuasxpµª¸cmkmEwa{cﬃwn|rc } ­
L
un }a} itp{iksxu»Éyz{ituP*cpr^ac
iku*svb-wa{cRz{z{ik¬amtc H lamkc'b-s } cﬃm»zlawwPsvpz } cuz{itp~ } ikzr*svuBp{ikuBli³pritcRzÉyª¸cn|mozsgn|mkmtsqª ikup{^acikuaitp{ion|m } n|prnaÉBpr^acwPsBz{z{ik¬aitmkitp~-p{s



































































   
 * ' 
	




































































































































































































































































































































































































,	    
sv
 






































































'#) *,+-ﬂ/.*0%'12(3	'4+5 ( 76988;:
y
®^acﬃuÌnHzp{cﬃn } ~>zprn|p{ciozrcﬃnv^ac } É#p{^ac9n|wawmtion|p{iksxu©s|¥'n8Àzp Osv } ceÀuaitp{c¨xsxmklab-czr^acb-c~jikcm } zep{^c7¥¹sxmkmtsqª'ikua











































































































































































































































































































































































































































ﬁ­ (¸i mBnxu } 8®>cRz{z{cmkikua­| lauaitÀc } b-c*pr^as } ¥¹sx*sxb-walap{ikuaiku*svbgw{cRz{z{it¬mtc´nxu } *svbgw{cRz{z{it¬mtc¶sqªz»itu¬=sxlau } n|r~







h¿­ È mtcﬃrx­$¾lab-crion|m»z{ikbﬁlamonqpritsvus|¥Jp{^c^asxb-sxvcuacﬃsxlzµcﬃ·Blaikmkit¬ariklab¥¹sv_pªµs Owa^Pnxz{c¶sqªzﬃ­ 












ﬁ­ﬀcr¨jitcﬃly¿É ﬁ­¿¦§lac&QﬃcuaBn|RÉ=:cr¨ ¦§litmkmknx } É=nxu }>È ­=¼:iks0Qﬃn|pﬃ­§unxmt~yz{ikz:s|¥´mksqª nx^Hz{itblamonqp{iksxuPzª'itp{^>sxb 







Ł­BŁn } cﬃz{waikcm H ­j]#laAxcﬃmPnxu } ¾­ersxmkmL­»z{z{cﬃzrzb-cﬃuvpµs|¥»warcﬃsxu } itp{iksxuituaﬁbgcp{^as } z²¥¹sxµbﬁlamtp{i } ikb-cuz{itsvun|mEn|cﬃ{s } ~ 
uPn|b-ikﬃz­











H ­E¦§rcuaikcR­ 2§zr*ikmtmonqprsxr~w=c{p{lar¬nqpritsvuzsx¥$p{^acg¾:n±¨jikc ëhBprs0Avcﬃz_cﬃ·Bln|p{iksxuzﬃ­ 
: .*:ﬀ9 '#&:ﬀ0ﬀﬃ+ :
É2#
H




ﬁ­#¦§laikmtmon| } nxu } Ł­»:¬axn|mkmO­
.!ﬁ&+5 #&  !0'#ﬂ9!R#
2(ﬁ' )&2'#















­µ¦enxlyp{^itcﬃ ó¼:ikmtmon|z ó¾:sx{p{^:sxmkmknxu } Éan|rikzﬃÉ|vav­
 #

ﬁ­a¦§laitmkmon| } n|u }9È ­j¼:iks0QRnqpﬃ­ 2up{^c¬=c^n±¨jiksx¸s|¥#lwBª'iku } z{^acﬃb-cﬃzµitup{^acemksqª[nx^ujlab¬Pcﬃ_mtikb-i³pR­




















 I( (2%  2#** *I !
















 ((2%  2# 



































































































































"+T,! <C& &2 +T)&2 2#




















































9  % "!  ﬃ ?@1"! ,+E (  C)
%I(Cﬀ  '##	'+-
 3  "%I(A	


































u ­»¼:ikcrcu } ccmoz H ­:io AEÉ
-­PŁ'itcﬃb7zmon|v^»Éyc } itp{svﬃÉ
. +E @0!3($&;!# 8,6ﬃﬀ  %  ! @# ) ﬃ R

 ﬀ I*(+5 @0!@%I;'& & %  &+-!
   'ﬃ	 &+ @I (








 I+-%'+9! ﬁ % +-&(
&2##   ﬃ I  #3&C P#  ﬃ  #ﬀP'  C"(3	  !03.R% '4' ($ + +  @ #







È ­¼:iks0Qﬃn|pﬃ­ È nxmklam }  ﬃsxlamkcb-cuBpz } ikwa^nxz{io·vlcﬃz } nxuz'lauaceprla~x`ﬃ{c 
L
ua¶lacuP*c } cmon-{cﬃuasxrb7n|mkikzrnqpritsvu } lzr^b7n
} ce¶ly¿­´]#cR^auaionxmEŁcw=sx{pheh È 2)F|Ê¦eÊJh2FqŁ]CFqv ëaﬃdÉ È9H ﬁÉ=xxx­
×
H 
¦g­¼$sxmkwPcv­´cﬃ¥¹sv{b7nxu*c§s|¥$*svbgw{cRz{z{it¬mtc¶sqª s } cﬃz'n|p_mksqª°Hnx^9uBlbﬁ¬=cR­
 8  
 
 I+






2­ È ­=ikcu2ABikcª'io'QvÉ­PhQb-cﬃm³prcRÉn|u } ­Jcrn|ik{cv­ È sxb-warcﬃzrzik¬amkcenxu } ituP*sxb-warcﬃzrz{it¬amkc§¶sqªz µ:uHn|mkxsv{itp{^ab¥¹sx
nxmtm»z{cﬃnvzsvuzﬃ­










Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
